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1.0 Purpose 

The purpose of this technical memorandum is to present the results of a pilot groundwater 

recovery test at new extraction wells installed at Buildings 7368 (RSA-95) and 7740 (RSA-96). 

Extraction wells were installed to recover groundwater contaminated by trichlorethene (TCE) 

and 1,l ,l - or 1,1,2-trichloroethane (TCA). Well performance tests and discharge versus 

concentrations (Q/[C]) tests were conducted at new extraction wells at sites RSA-95 and RSA- 

96. Well performance tests consisted of four 2-hour step tests and were conducted to estimate 

the potential yield from each well. The Q/CC] tests consisted of pumping the extraction wells at 

three successively higher rates for three continuous 8-hour periods, and collecting samples for 

volatile organic compounds (VOC) and water quality parameters analysis every 2 hours. Water 

levels were monitored at nearby observation wells screened in either the bedrock or in residual 

soils during each test. These tests were conducted to obtain data to support the design of an 

interim remedial action (IRA) and groundwater treatment plant. The groundwater treatment 

plant is required to reduce concentrations in extracted groundwater for discharge to a National 

Pollutant Discharge Elimination System (NPDES) permitted discharge point. Specific data to be 

obtained include aquifer response to pumping, well yields, and contaminant concentrations in 

extracted groundwater. 

The immediate objective of the pilot groundwater recovery test program was to determine 

specific capacity and specific yield of the wells, and to monitor changes in groundwater 

chemistry and contamination levels during pumping. Knowledge obtained from this pilot 

testing program is used to develop a conceptual design for the IRA to be taken at RSA-95 and 

RSA-96, Redstone Arsenal (RSA) in Madison County, Alabama. The site is located within 

Operable Unit (OU)-10 at RSA. 

Appendix A contains the pilot test well performance analysis, a summary of the results of 

groundwater water quality monitoring and sample analysis, and the calculations referenced in 

this technical memorandum. Appendix B provides a graphic summary of changes in 

geochemical parameters at each pumping recovery well during the pilot test. 

2.0 Site Conditions and Background 

The Comprehensive Environmental esponse, Compensation, and Liability Information System 

identification number for RSA is 

Q 
2 10 020 742. The proposed remedial action (R4) is 

classified an IRA because it will o y addresses the most contaminated groundwater pending the 
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findings of site investigations and development of a comprehensive OU-10 RA plan. An IRA is 
allowed for under the National Oil and Hazardous Substance Pollution Contingency Plan 

m, (Title 40 Code of Federal Regulations Part 300.43O[fl [l] [ii] [Cl]). 
Specifically, if an action that does not attain the applicable or relevant and appropriate federal or 
state requirements (ARAR) will become part of a total RA that will attain the ARARs, then the 
action is considered an IRA. The proposed action is intended to reduce contaminant mass 
present in the most contaminated portions of the groundwater contaminant plumes at RSA-95 
and RSA-96 while other remedial options are being considered and tested. The final remedy 
may incorporate the IRA and continue reducing contaminant mass in the suspected contaminant 

source area. 

2.1 Site Description 

2.1.1 Site History 

Operable Unit 10 (OU- 10) comprises the RSA Rocket Engine, North Plant facility (Figure 1). 
The two sites discussed in this technical memorandum are former degreaser areas, that were 
active from 1984 to late 1995. From 1984 to 1989, TCE was the primary solvent. In 1987, TCA 
began to be used in replacement of TCE. The degreasing units were 3 feet square by 5 feet high. _, 
Rocket or missile engines were placed in the tanks with chlorinated solvents that had been heated 
to the vaporization point. Releases of the solvents occurred either due to spills, leaks, or 
condensation of vapors. 

2.1.2 Site Location 

Figure 2 shows the extraction and monitoring well locations at RSA-95 and RSA-96. The sites 
are relatively flat areas. A surface water body is located to the southeast of RSA-96. The ground 
elevation ranges from approximately 570 to 580 above mean sea level. Grassy lawns, graveled 
areas, and asphalt-paved roadways cover portions of the site. Surface drainage of RSA-95 and 
RSA-96 flows toward the south and southeast into the drainage ditches and the surface water 
body. 

2.1.3 Site Characteristics 
The degreaser sites have been inactive since 1995. The surficial residual soils are characterized 
as having relatively how permeability. However, the deeper portions of the residual soils have a 
high secondary porosity. The thickness of the residual soils ranges from 15 to 80 feet across the 
sites. The limestone bedrock underlying the residual soils is fractured and exhibits dissolution 
features such as caverns, rubble zones, and channels. Groundwater is found in both the residual 
soils and the limestone bedrock at both sites. 
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2.1.4 Previous Investigations 

Rust Environment and Infrastructure (Rust) conducted site inspection (SI) activities and site 

screening activities at RSA-95 and RSA-96 in 1995 and 1996 (Rust, 1997). Surface soil, 

subsurface soil, groundwater, surface water, and sediment samples were collected as part of the 

SI and site screening. Surface and subsurface soil samples indicated that soils at RSA-95 and 

RSA-96 have low detections of contaminants. However, groundwater sample analytical results 

showed groundwater concentrations of TCE and TCA at RSA-95 and RSA-96 exceeded U.S. 

Environmental Protection Agency (EPA) Region III risk-based concentrations (RBC) for 

screening. Because of these findings, IT Corporation (IT) conducted a supplemental site- 

specific investigation (SSSI) at RSA-95 and RSA-96 to assesses the extent of contamination. 

Results of the SSSI indicated that a RA would be required due to the high concentrations of 

solvents found in residual and bedrock groundwater. Extraction wells were installed in the area 

where the highest levels of contaminants were detected in groundwater. 

2.1.5 National Priorities List Status 

The EPA placed RSA on the National Priorities List (NPL) by publication in the Federal 
Register, 59FR27989, on May 3 1, 1994. The NPL listing was effective June 30, 1994. 

2.2 Current Actions 

There are no current RAs or activities ongoing at RSA-95 and RSA96. 

3.0 Threats to Human Health or the Environment 

Evaluation of VOC contaminant concentrations in groundwater at RSA-95 and RSA-96 suggest 

that human health risk associated with exposure to these media would exceed acceptable levels. 

Analytical results from groundwater collected at RSA-95 and RSA-96 shows that groundwater 

concentrations of TCE exceed the 1 milligram per liter (mg/L) goal in both shallow and deep 

groundwater. The federal maximum contaminant level for TCE is 0.005 mg/L and the EPA 

Region III RBC for TCE is 0.0016 mg/L. Groundwater is known to discharge to a nearby 

surface water body, thus there is a potential for immediate adverse ecological impact. The sites 

are wholly within the boundary of RSA property, and there is no groundwater use in the 

immediate vicinity, but there is a potential for migration of contaminated groundwater; therefore, 

a future potential threat to human health is possible. 
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4-O Pilot Test Purpose and Procedures n 

This technical memorandum summarizes the results of the pilot groundwater recovery testing at 

RSA-95 and RSA-96 at OU-10. The pilot test was conducted to obtain data on the well yields, 

water surface drawdown during pumping, and concentrations of contaminants and groundwater 

chemistry to be expected during groundwater recovery. This data will be used to aid in the 

design of the OU-10 IRA groundwater recovery and treatment system. The OU-10 pilot 

groundwater recovery testing was conducted to: 

l Determine IRA recovery well performance parameters at each groundwater 
recovery well using discharge and drawdown data to calculate well specific 
capacity and yield. 

l Establish the maximum discharge at which the well can be pumped without 
bringing the water level below the top of the bedrock. 

l Establish the drawdown at a discharge rate expected to be used in the IRA 
recovery wells. 

The primary objective of the OU- 10 IRA is mass removal of TCE from the bedrock groundwater 

within the area where the highest levels of contamination is found at RSA-95 and RSA-96. The 

distribution of TCE in groundwater at RSA-95 and RSA-96 is shown in Figure 2. 

i--x 

Pilot tests were performed at each groundwater extraction well installed at RSA-95 and RSA- 

96. The tests consisted of: 

l 8-hour step-drawdown test to determine the well performance and estimate the 
pumping rates to be used in the later tests 

l 24 hours of pumping and sampling test to determine how concentrations 
changed in response to pumping (Q/CC] testing). 

During the three 8-hour well performance tests, pumping rates were doubled every 2 hours, and 

groundwater samples were collected at the end of the 8 hours of pumping. During the Q/[C] 

testing, pumping rates were increased every 8 hours and samples were collected every 2 hours. 

Water levels were monitored in the extraction wells and nearby wells during both types of 

testing. 

Groundwater samples were collected for water quality parameters and VOCs during the Q/[C] 

test. Pumping rates were increased every 8 hours for an independent measure of the well 

KN/3875/3875/0U-10RSA95-961TM-TXT05/25~99(1:30PM) 4 



specific yield and specific capacity, and to determine the effect of changing pumping rates on the 
contaminant concentration in groundwater. By monitoring changes in water chemistry or 
contaminant concentration during the tests, discharge/concentration, concentration/time, and 
mass/time graphs, data could be constructed and used to establish if hydrogeological conditions 
changes with time or pumping rates occurred. Also, by plotting mass removal with time and 
cumulative mass removal over time, it is possible to ascertain if there is a point were increased 
pumping rates do not provide an additional mass removal benefit. 

Extracted groundwater was treated by a portable air stripper unit and then discharged to the 
sanitary sewer system. The pilot test data was used in the conceptual design of the OU-10 (IRA) 
groundwater recovery and treatment system that was presented in the Evaluation of Groundwater 
Treatment Alternatives (IT, 1999). 

5.0 Test Results 

Details of the pilot tests performed and the results of tests are presented in Appendix A. 
Appendix A also, provides a summary the well capacity test analyses, well drawdown analysis, 
and analytical testing performed at RSA-95 and RSA-96. Well construction details are given in 
Appendix A. An 8-hour well capacity test was performed at each new extraction well before the 
Q/CC] tests to establish the range in pumping rates that should be used in the Q/[C] test. 
Summary tables presented in Appendix A indicate a difference in well capacity between the well 
capacity tests and the Q/[C] tests performed during the pilot testing. The greater well capacity 

observed during the higher Q/[C] test rates may be either due to: 

l Additional development of the well during the tests 
l More accurate flow measurements during the tests 
l Variation in performance for wells screened in rubble zones. 

Based on the 8-hour step-drawdown tests, extraction wells RS592 and RS593 exhibit a lower’ 
capacity at higher rates. Wells screened in fractures and voids (RS715, RS730, RS847, and 
RS848) have higher capacity at higher rates. 

Analysis of the step-drawdown data (Appendix A) indicates that all the recovery wells, 
except for RS715, could be pumped in excess of 100 gallons per minute (gpm) without 
lowering the water levels to below the top of the bedrock into the epikarst zone. In fact, the 

discharge rates used in the step-drawdown tests did not exceed the capacity of the wells or 
aquifer. The maximum pumping that could be used in the Q/[C] test was limited to 100 gpm 
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due to the hydraulic limit of the air stripper and head loses in the plumbing. The 

recommended pumping rates for the Q/[C] tests ranged from 25 to 100 gpm. The actual pilot 

test pumping rates used were close to the recommended rates and are given in Table B- 1 

through B-6 in Appendix B. 

5.1 Impact of Pumping on the Potentiometric Surface 

Tables 1 and 2 give the maximum measured drawdown for the observation wells used during 

pumping at each extraction well after a 24-hour period. These tables also give the estimated 

resultant groundwater potentiometric surface at RSA-95 and RSA-96 if the wells were 

pumped at the rates used in this analysis. The estimated potentiometric surface calculated in 

these tables is presented graphically in Figure 3 for RSA-95 and Figure 4 for RSA-96. Both 

figures show the effects of drawdown on the potentiometric surface due to pumping at three 

recovery wells simultaneously during simulated IRA system pumping conditions at moderate 

discharge rates. Both figures show drawdown is significant in pumping wells but quickly 

decreases in magnitude in surrounding monitoring wells. Bedrock well RS449 shows 

significant drawdown at the southern part of RSA-95, indicating restricted groundwater flow 

in selected parts of the bedrock aquifer. Residuum wells show a wide variation in response 

to the bedrock aquifer pumping conditions. These different responses show local variation in 

the connection (or lack of connection) between the residuum groundwater and the bedrock 

aquifer. The well drawdown shown at both sites is not circular, indicating preferred 

permeability pathways in the bedrock aquifer and probably irregular interconnections 

between the residuum and bedrock aquifers. 

5.2 Changes in Groundwater Chemistry During Pumping 

The changes in groundwater geochemistry during pumping at the extraction wells for both 

residuum and bedrock observation wells and the pumping well chemical parameters are 

presented in Appendix B. Tables B-l through B-6 summarize the data in tabular form and 

graphic presentations follow each table. Extraction wells, observation wells, and the extent 

of the TCE plumes at RSA-95 and RSA-96 are shown on Figures 2 and 3. 

Water Quality Parameters. As shown in the tables and graphs for the pumping tests, there 

are pulses in turbidity with increased pump rate at RS847, RS848, RS592, and RS730. This may 

indicate continuing well development during the test. Specific conductivity and field alkalinity 

measurements in pumping wells were generally consistent, with only very minor changes at each 

increment in well pumping rate. Temperature and dissolved oxygen measurements showed the 

least variation during the pilot tests. 

r?. 
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Organic Compounds. Trichloroethene (TCE) was always the dominant organic compound in 
groundwater samples, however, other organic compounds detected consistently in groundwater 
included 1 ,l ,l-TCA and 1 ,l- or 1,2-cis-dichloroethene (DCE). Concentrations are high enough 
that sample dilution was required to bring the sample concentrations into the calibration range of 
the instrument, resulting in elevated detection limits. Dilution factors at RSA-95 are between 20 
to 200. At RSA-96, dilution factors are between 250 and 2,500. At RSA-95 TCA was 
consistently detected at levels between 20 and 26 percent of the concentrations of TCE. At 
RSA-96, l,l,l-TCA is thought to be present but a concentrations below the elevated detection 
limits. 

Concentrations of TCE, DCE, and where present, TCA, are plotted against time along with the 
pumping rates in the graphics in Appendix B. Examination of the graphics in ’ ppendix B shows 
the following: P 

l At RS848 concentrations of TCE increased steadily during the test 

1 
l At RS592 concentrations of TCE began to increase during the tmrd pumping 

rate 

l At RS7 15 concentrations of TCE fluctuated but generally showed increasing 
concentrations with time 

l 2 At RS593 and RS730 TCE concentrations were very high (over I 0 mg/L) and 
generally decrease with time, possibly correlating with increased pumping rate 

l There was minor correlation between pumping rate and concentration at RS847 
but there was very little change in groundwater concentration bebeen the 
beginning and end of the test I 

I 

l Aquifer response was measurable in both bedrock and residual soil monitoring 
wells up to 200 feet from the extraction wells. 

5.2. I MA-95 

During pumping recovery, well RS715 exhibited increasing TCE concernratio b with time, 

possibly correlating to increased discharge. There was a significant difference in drawdown 
between wells screened in the bedrock and wells screened in residual soil. Bedrock 
monitoring well RS446 (r=250 feet) exhibited the drawdown of about 3.5 feet during the test, 
but drawdown in residual soil monitoring well RS717 (1==280 feet) was less than 0.5 feet. 
These data suggest that if there is a connection between the residual soil and the bedrock, it is 
an indirect connection at best. Extraction well RS7 15 appears to be installed within the most 
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contaminated portion of the aquifer at RSA-95, and should be pumped at its highest 

achievable rate of 60 gpm to maximize the recovery TCE and TCA. 

Extraction well RS847 exhibited no significant change in the TCE concentration with 

variations in the pumping rate, suggesting that this well is connected to a groundwater 

reservoir that homogeneously contaminated. Significant variations in the head differential 

between the pumped bedrock aquifer and the three residual soil wells (RS720, RS578, and 

RS683) monitored during the tests suggest irregular and probably unpredictable 

interconnections between the two aquifers. Significantly different drawdown between 

bedrock well RS720 and residual soil well RS446 indicates that the bedrock is more 

permeable than the soils in this area. This well should be pumped at a low rate of 30 gpm to 

limit the radius of influence and prevent pulling the contaminant plume away from RS7 15 

and RS848. 

The graphs of the RS848 test shows significant increase inthe TCE concentration with 

increased pumping rates, indicating more TCE is being pulled into the recovery well from a 

more contaminated part of the bedrock aquifer, possibly from near RS7 15. Comparison of 

the water elevations in surrounding bedrock monitoring wells shows there is a significant 

variation of permeability in the bedrock aquifer. Wells RS579 and RS446 show influence of 

pumping at RS848, but bedrock well RS715 exhibits little response, indicating the anisotropy 

and preferred permeability pathways in the bedrock aquifer. The water level in residuum 

well RS7 17 shows little influence from the pumping well RS848 drawdown, indicating poor 

interconnection with the bedrock aquifer. Therefore, extraction well RS848 should be 

pumped at a low rate of 35 gpm to prevent drawing more contaminated groundwater away 

from RS7 15. 

5.2.2 MA-96 

Well RS592 is located northeast of the RSA-96 release site (Figures 3 and 4). The TCE 

concentration versus rate curve indicates possible movement of more contaminated 

groundwater near RS730 is being drawn toward RS592. The aquifer response at RS448 

(screened in bedrock) is similar to that observed at RS446 (screened in soil), indicating a 

good interconnection between the soil and bedrock aquifers at RSA-96. However, this well 

should be pumped at a low rate of 25 gpm to prevent drawing more contaminated 

groundwater away from RS593 and RS730. 

Recovery well RS593 is located south and east of the suspected RSA-96 release site. The 

TCE Q/[C] curves exhibited decreasing TCE concentration with increased pump rate. The 
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location of RS593 near a large surface wetland area to the southeast water influences the 
amount of groundwater available during the well pumping conditions. Significant drawdown 

in residuum observation well RS449 indicates good interconnection between the residuum 
aquifer and the collapse breccia in the screen interval of RS593. Because of the high TCE 
concentrations at RS593, a pumping rate of 100 gpm would be most effective in efficiently 
recovering TCE at this area of the RSA-96 site. 

Extraction well RS730 did not show a decrease of TCE concentration with increased pump 
rate through the duration of the test, and exhibits the highest concentrations of TCE (greater 
than 20 mg/L). This well is in the most contaminated portion of the aquifer and is located 
adjacent to the suspected RSA-96 release site. A significant variation in response to 

pumping at the bedrock wells suggests that the bedrock aquifer is heterogeneous and exhibits 
lateral variability in bedrock aquifer permeability. The drawdown response curves for 
bedrock monitoring wells show an initial drawdown followed by recovery, especially at 
higher pumping rates. This behavior probably indicates that the drawdown cone has 
intersected a recharge boundary, consequently allowing recovery in the wells. A pumping 
rate of 100 gpm would be most efficient in recovering TCE at RS730. 

II 
6.0 Summary 

Well performance tests and Q/[C] tests were conducted at groundwater extraction wells at 
sites RSA-95 and RSA-96. Step-drawdown tests consisted of 4 2-hour steps and were 
conducted to estimate the potential yield from each well. The Q/[C] tests consisted of 
pumping the extraction wells at three successively higher rates for 8 hours at each rate over a 
24-hour period, and collecting samples for analysis every 2 hours. Water levels were 

monitored at nearby observation wells screened in either the bedrock or in residual soils 
during each test. These tests were conducted to obtain data to support the design of an IRA 
and groundwater recovery and treatment system. The groundwater treatment plant is 
required to reduce concentrations in extracted groundwater for discharge to a NPDES 
permitted discharge point. Specific data to be obtained include aquifer response to pumping, 
well yields, and contaminant concentrations in extracted groundwater. 

The IRA pilot tests at OU-10 sites RSA-95 and RSA-96 indicated aquifer properties are 
highly variable and anisotropic. Heterogeneity in permeability, flowpaths in the bedrock 
aquifer, and irregular and indirect interconnections between the bedrock and residual soil 
aquifer are characteristic of the karst features developed in the Tuscurnbia Limestone. Such 
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high variability makes prediction and definition of groundwater flow paths, the extent of 

TCE contamination in the bedrock aquifer, and the fate and transport of the TCE very 

difficult and prone to error. Interpretation of the aquifer test results presented in this 

technical memorandum should be viewed as preliminary, especially with regard to specific 

capacity and potential pumping rates because well development appeared to continue during 

the well performance and Q/[C] tests. 

The primary findings of the well capacity tests are that the bedrock aquifer is capable of 

yielding rather high discharge rates, and that the high yields are sustainable. Well 

performance was determined from the step-drawdown data. However, as the wells are 

pumped, higher specific yields may be realized at latter times. The long-term effects of 

pumping on surrounding bedrock wells cannot be accurately predicted at this time. 

During pumping there was response to pumping in both bedrock and residual soil monitoring 

wells indicating that there is a connection between the soil and bedrock aquifers. However, 

the difference in response to pumping exhibited between the wells screened in the residual 

soils and bedrock at RSA-95 is direct evidence that the connection between the bedrock and 

soils is indirect. 

Changes in contaminant concentrations observed during pumping at the extraction wells can 

be characterized as follows: 

l Stable; no significant change in concentration during the pilot test 
- RS847 and RS730 

l Increasing; concentrations increased relatively uniformly during the test 
- RS715, RS848, and RS592 

l Decreasing; concentrations decreased relatively uniformly during the test 
- RS593 

l Discharge dependent; changes in concentration were controlled by the 
discharge rate 
- Some impact of changes in discharge rate may be exhibited at high 

rates in RS 175 (increased [Cl), RS592 (increased [Cl), and RS730 
(decreased [Cl). 

In summary, pilot tests at RSA-95 and RSA-96 provided data on the bedrock well 

performance and effects on surrounding bedrock aquifer wells. Additional recommendations 

include: 

P. 

Ta 
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Maximum groundwater recovery rates from the karst bedrock aquifer were not 
determined during the pilot tests due to head losses and limitations of the air 
stripper to treat the water stream. 

Drawdown patterns for bedrock aquifer pumping is irregular, indicating preferred 
bedrock aquifer permeability and irregular interconnection with residuum 
groundwater zones. 

Bedrock groundwater remedial pumping rates should be minimized where TCE 
concentration indicates less significant TCE recovery. 

Bedrock groundwater remedial pumping rates should be maximized where TCE 
concentration indicates a significant potential for TCE mass recovery and 
minimal dilution by surrounding groundwater. 

Recovery wells RS730, RS593, and RS715 should be pumped at moderate rates 
(60 to 100 gpm) to maximize TCE mass recovery efficiency. 
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